Species, biotypes, and phage types were determined for 120 Acinetobacter strains from clinical or environmental sources or from culture collections. These characteristics were compared with cell envelope protein profiles obtained by sodium dodecyl sulfate-polyacrylamide gel electrophoresis hi previous studies. A considerable heterogeneity of species and types was observed by use of the various methods, in particular among strains from different sources. Acinetobacter baumannii was the most commonly found species in isolates from clinical sources, followed by Acinetobacter species 3. Nine biotypes were observed among A. baumannii strains. Further differentiation within most species and biotypes was achieved by protein profile typing and, to some extent, phage typing. Of 120 strains, 49 (41%) were not typeable by phages. Consistent results for the various classification methods were obtained for strains from common sources. Biotyping seemed an appropriate method for the screening of strains, whereas protein profile and phage typing could serve as additional methods to establish the identity or nonidentity of strains. Results of this study suggest that the combination of the typing methods is useful in epidemiological studies.
Nosocomial outbreaks of Acinetobacter strains are frequently observed (4, 9, 11). Hospital-acquired Acinetobacter infections are often difficult to treat because many strains are resistant to many antimicrobial agents. The classification of the genus Acinetobacter was clarified only in 1986 by DNA-DNA hybridization (5) . Twelve genospecies could be identified by using a 20-test gallery (5, 6) . As Acinetobacter baumannii was the most prevalent Acinetobacter species isolated from clinical specimens, a biotyping system differentiating 17 biotypes was devised for this species (6) . Other typing methods for Acinetobacter strains were developed in the past, such as serotyping (1, 14) , bacteriocin typing (3, 16) , bacteriophage typing (18) , and, recently, typing by cell envelope protein profiles (CEPPs) (2, 7, 8) . Unfortunately, these were developed without the aid of a well-established taxonomy, and the results that were obtained could not easily be interpreted.
Since most of the Acinetobacter strains studied for their CEPPs in a previous study (7, 8) were available, there was an opportunity to compare different typing methods.
The purpose of this study was to compare the CEPPs obtained by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) with species, biotype (for A. baumannii strains), and bacteriophage type determinations of 120 strains. The bacteria were from environmental and clinical sources or from culture collections. It was found that strains with a specific protein profile were also homogeneous for other typological markers when the strains originated from a single hospital over a short period of time. This correlation was doubtful when strains from various origins were examined. * Corresponding author.
MATERIALS AND METHODS
Bacterial strains. One hundred twenty Acinetobacter strains were included in this study. A first group, composed of 77 strains, corresponded to all (except one) of the strains studied previously by Dijkshoorn et al. (study 1) (7) . The origins of these strains were as follows: 57 were from clinical specimens isolated in 11 hospitals and 5 cities, 12 were from culture collections, 3 were from the skin of healthy volunteers, 1 was from a hospital environment, and 4 were from soil. In the second group, 43 representative strains of 129 strains isolated from 16 inpatients in a single hospital for an epidemiological study (study 2) (8) were included.
Identification. All strains had the properties that define the genus Acinetobacter (13), i.e., gram-negative, strictly aerobic, oxidase-negative, nonmotile coccobacilli. Identification of strains at the genus level was confirmed by the transformation assay of Juni (12) . All tests were done at 30°C, unless otherwise indicated. Identification at the species level was done by the simplified identification scheme described previously (6) . The tests of this scheme, i.e., growth at 37, 41, and 44°C; production of acid from glucose; gelatin hydrolysis; and carbon source utilization with the substrates DLlactate, DL-4-aminobutyrate, trans-aconitate, citrate, glutarate, aspartate, azelate, ,-alanine, L-histidine, D-malate, malonate, histamine, L-phenylalanine, and phenylacetate, have been described elsewhere (6 baumannii strains. Thus, the biotyping system developed for A. baumannii could be used, whereas only a few biotypes are recognized. For reasons of simplification, the description of biotypes was similar within the two species.
Bacteriophage typing. The bacteriophage typing system was based on the use of two complementary sets of bacteriophages isolated from sewage (15, 18) . The first system included 21 bacteriophages and distinguished 116 phage types (18) . The proportion of strains untypeable because of their insensitivity to the bacteriophages of this system was 30%, according to the origin of the strains (15) . A second set of 14 phages was introduced into the system in order to subdivide the untypeable strains. Twenty-one phage types (hereafter called subtypes) were recognized by this second system, and the overall proportion of untypeable strains was reduced to about 20% (15) . CEPPs. The CEPPs of Acinetobacter strains established by the use of SDS-PAGE have been described previously by Dijkshoorn et al. (7, 8) . These profiles seemed to be rather heterogeneous. Among the 78 strains studied in study 1, Dijkshoorn et al. (7) distinguished two groups of strains. The first group (43 strains numbered from 1 to 43, including 4 strains from culture collections) was composed of strains which could be grouped into six protein patterns (A to F). Patterns that were similar but not identical were given a capital letter followed by a number (e.g., BI to B4, Dito D3, and El to E4). Strains of the second group (35 strains numbered from 44 to 78, including 8 strains from culture collections) had unique patterns which were different from each other. In study 2, Dijkshoorn et al. (8) studied CEPPs of 129 strains isolated from 16 inpatients in a teaching hospital. If a culture sent to the laboratory was positive for an Acinetobacter strain, epidemiological samples were taken from different body sites of the patient in question within a period of 1 to 2 weeks by using a standard procedure. Among the 129 strains in that study, some protein patterns described previously (A, Bi, B2, Dl, D3) were observed, but 10 new cell envelope protein profiles (E5, G, H, J, K, L, M, N, 0, P) were described.
RESULTS
In order to facilitate the interpretation of data and the discussion of results, strains studied in the two previously published reports (7, 8) were not mixed, and the numbering of strains in the first report (7) was conserved.
Identification of strains. Identifications of strains are shown in Table 1 (strains from several hospitals and cities investigated in study 1 [7] ) and Table 2 (strains isolated from different patients in a single hospital and investigated in study 2 [8] ). A. baumannii was the most prevalent Acinetobacter species isolated from clinical specimens in both studies (73 of 120 strains). In study 1, 37 of 57 strains from clinical specimens, were identified as A. baumannii (Table  1) . Other Acinetobacter species were poorly represented in clinical isolates: five isolates of Acinetobacter species 3, six isolates of Acinetobacter lwoffii, three isolates of Acinetobacter haemolyticus, two isolates of Acinetobacterjunii, one isolate of Acinetobacterjohnsonii, and one isolate of Acinetobacter species 6. Two (remaining) strains could not be identified, but they appeared to be related to strains 78 to 82 from previous reports (5, 6) (Tables 1 and 2 ). The former was associated with A. baumannii biotypes 6 and 9, whereas the latter was associated with A. baumannii biotypes 1 and 2. Other phage types or subtypes were represented by one or two strains. Atypical (uncommon) phage types or subtypes were found in different Acinetobacter species and different biotypes of A. baumannii.
Correlation between species determination, biotyping, phage typing, and CEPPs. A. baumannii, which was the Acinetobacter species that was most frequently isolated from clinical specimens (68 of 100 strains in this study; Tables 1 and 2) , was assigned to nine biotypes (biotypes 1, 2, 5, 6, 8, 9, 12, 16 , and 19) and 13 CEPPs (A, Bi to B4, C, Di to D2, G, H, J, L, M). Only six A. baumannii strains from clinical specimens had unique profiles, which meant that these profiles were seen in only one strain.
(i) Strains from study 1. Strains from study 1 originated from different hospitals and cities, culture collection isolates, skin, and environments ( 1A, lanes 1 and 2) (ii) Strains from study 2. Strains from study 2 were isolated from clinical specimens in a single hospital (Table 2) . Protein profiles and other typing data of strains from several patients are shown in Fig. 2 . An Acinetobacter species or an A. baumannii biotype corresponded to a single protein profile, except for A. baumannii biotype 6, for which four profiles (B1, B2, J, and M) were found. In a given patient, strains of the same profile isolated from different samples were identified to the same species, biotype, or phage type (for example, patient 3 in Table 2 ). In some cases, strains that were isolated from the same patient, i.e., patient 9 (Table 2 and Fig. 2 ) and patient 12 (Table 2) , or from different patients (patients 1 and 2, Table 2 and Fig. 2) were indistinguishable by protein profile or biochemical identification and differed by their phage type or subtype. DISCUSSION The taxonomy of the genus Acinetobacter has long been in a poor state, preventing the precise identification of species. A new classification of the genus Acinetobacter based on DNA-DNA hybridization and nutritional characteristics (5) recently allowed the identification of 12 (6, 10). Some species, such as A. johnsonii, A. lwoffii, and Acinetobacter species 12, seem to be natural inhabitants of human skin. In the past, several typing methods were developed for epidemiological purposes. Phage typing was found to be useful for the study of hospital outbreaks (17) .
Comparison of CEPPs appeared to be a suitable method for the relative classification of Acinetobacter strains of nosocomial origin (7, 8 were determined (7, 8) , was studied for other available markers, including identification at the species level (5, 6, 15, 18) . Strains suspected to be associated with epidemiological outbreaks (study 1) or with cross-infections (study 2) were of the genospecies A. baumannii. As noted previously (6, 10) , this species seems to be particularly relevant to hospital infection prevention. Most strains whose protein patterns have been classified were identified in the present study as A. baumannii. Other strains which were assigned to defined profiles were identified as Acinetobacter species 3 and, to a lesser extent, as A. haemolyticus and A. lwoffii. These were the Acinetobacter species which were most frequently isolated in hospitals after A. baumannûi (6, 10) . The relatively high prevalence of A. baumannii in hospitals explained why most of the protein profiles defined here contained strains identified as A. baumannii.
The phage typing system that we used was developed 10 years ago for typing the most prevalent Acinetobacter species in hospitals, i.e., at that time A. calcoaceticus var. anitratus (which is now referred to in most cases as A. baumannii). Therefore, phages of the two systems were nearly always inactive on other Acinetobacter species (J. F. Vieu, unpublished data). This was also the case in the present study (Tables 1 and 2 ). Of the strains identified as A. baumannii, 26 of 73 (36%) were untypeable by phage typing. Several of these strains, allocated to one phage type or phage subtype, were also of one biotype and one protein profile (e.g., strains of phage subtype 17, biotype 1, and protein profile A). Therefore, these strains may have represented a single strain. If so, the actual percentage of strains that were untypeable by phage typing may have been higher. From this, it could be concluded that the phage typing system in its present form is of limited value and should be extended with other phages in order to increase the percentage of typeable strains.
The epidemiological study performed by Dijkshoorn et al. (8) in a single hospital provided us with an opportunity to compare different typing methods (Table 2) . With regard to the correlation between methods (Table 2) , multiple isolates from most single patients were indistinguishable, whatever the typing method considered. When strains with different protein profiles were found in a patient (patients 12 to 16 in study 2; Table 2 ), these differences were confirmed by the other markers that were used. Strains of profiles G and L in study 2 (Table 2) , which were demonstrated to be responsible for cross-infection, could be easily detected by using identification and biotyping and, to a lesser extent, phage typing.
Whereas A. baumannii was the most prevalent species in clinical specimens, A. lwoffii was a ubiquitous species; i.e., it was isolated from the skin of healthy people, soil, plants, fruits, poultry, and clinical specimens (5, 6) . Thus, the origins of A. lwoffii strains isolated in hospitals could be varied. The 13 A. lwoffii strains studied had unique patterns, except for two strains with profile F, which were isolated in different hospitals (Table 1) . CEPPs among Acinetobacter species 3 were rather homogeneous: 9 of 15 strains had a D pattern. The Dl pattern, however, was also encountered in A. calcoaceticus and A. baumannùi strains. Among the A. haemolyticus strains, the profiles were rather homogeneous (profiles El to E5 and a related profile for strain 69 in Table  1 ). A group of strains (those of pattern A) originating from one hospital and assigned to one protein profile appeared to belong to two biotypes and, in some cases, appeared to belong to different phage types. Therefore, by the combination of techniques, the strains could be discriminated.
For clinical and epidemiological reasons, it is necessary to establish which species are of clinical and epidemiological relevance. Once this is known, new isolates should be identified to the species level in order to trace relevant strains. When Acinetobacter strains were identified to the species level, the different typing methods investigated (biotyping, CEPPs, and phage typing) allowed us to distinguish strains within species. Biotyping and protein profile typing allowed us to type or fingerprint all the strains that we investigated, whereas phage typing did not. Further studies are required to extend the set of phages in order to increase the percentage of typeable strains.
For most strains of the species A. baumannii, within biotypes, differences in protein profiles and phage types were seen. Therefore, biotyping is an easy method for screening strains. Cell envelope protein typing is a more sensitive method to detect differences, even though the method is more laborious.
The homogeneity of biotype, protein profile, and phage type was found among strains with a common origin ( Table  2) . Heterogeneity was found in strains with different origins. Results of this study support the fact that the combination of typing methods investigated here is useful for epidemiological studies.
